Abstract Longitudinally extensive spinal cord lesions (LESCLs) are believed to occur predominantly with opticospinal multiple sclerosis (OSMS) and are associated with disability. The purpose of this study is to describe the prevalence and patterns of spinal cord lesions in Hispanics with multiple sclerosis (MS) and OSMS and their association with disability. A cross-sectional study of 164 patients with complete MRIs was used. In each case the spinal cord was classified: LESCLs, scattered spinal cord lesions (sSCLs) or no spinal cord lesions (noSCLs). Clinical course was defined as classical MS or OSMS. Risk of disability (Expanded Disability Status Scale C4.0) was adjusted for age, disease duration and sex using logistic regression. A total of 125/164 (73 %) MS patients had spinal cord lesions (sSCLs, 57 %; LESCLs, 19 %), but only 11 (7 %) had OSMS. LESCLs were associated with disability (p \ 0.0001), longer disease duration (p \ 0.0001) and MS (n = 21 vs. n = 10 OSMS; p \ 0.0001). LESCLs were also associated with the greatest risk to disability (OR 7.3, 95 % CIs 1.9-26.5; p = 0.003; sSCLs OR 2.5, 95 % CIs 0.9-7.1; p = 0.09) compared with noSCLs. LESCLs are more common than OSMS and are associated with worse disability even in patients with MS. These results suggest that LESCLs are a more important marker of disability in MS than OSMS and may be an early indicator of more aggressive disease in this population.
Introduction
Opticospinal multiple sclerosis (OSMS) is a poor prognostic subgroup of relapsing MS, primarily described in Asians [1] . OSMS is distinguished from classical MS based on clinical relapses to the optic nerve and spinal cord [1] [2] [3] [4] . A hallmark of OSMS is the presence of longitudinally extensive spinal cord lesions that extend over at least three vertebral segments (LESCLs). However, LESCLs are also seen in 14-31 % [2, 5, 6] of Asians with classical MS, while the prevalence in whites is only 1-3 % [7] [8] [9] . This raises the question of whether the presence of LESCLs, more so than OSMS, could explain why MS seems to be more severe in Asians than whites.
Hispanics are an admix population of European and Asian background [10] with a prevalence of OSMS in Latin America [11] that is thought to be intermediate to that of Asians and whites due to the higher manifestation of optic neuritis and spinal cord syndromes [12, 13] . Prognosis in Hispanics living in the United States with MS is unclear primarily because few studies exist [14, 15] . Not surprisingly, the prevalence of LESCLs in this population is unknown. In this study we examined the relationship between spinal cord involvement, OSMS and disability in Hispanics with the goal of improving our understanding of prognostic subgroups in relapsing forms of MS.
Methods

Study population
Data for this cross-sectional study was extracted from the Hispanic MS Registry at the University of Southern California (USC) MS clinics as described in detail elsewhere [14] . Briefly, MRI and basic demographic information were collected from October 2011 to 2012. Hispanic ethnicity was verified by a comprehensive, self-administered questionnaire. A neurological history, exam and EDSS [16] were performed by an MS specialist. In accordance with ethical standards, the Institutional Review Board at USC approved this study and all patients gave informed consent prior to participation in this study.
Clinical characteristics
Clinical MS characteristics were extracted from the medical record system and registry database, as described above. Cases that fulfilled Wingerchuck criteria [17] , such as presence of anti-aquaporin 4 or onset brain MRI nondiagnostic for MS, were excluded from the study (4 out of 168). Clinical OSMS was defined as relapses strictly confined to spinal cord and optic nerve involvement with C5 years disease duration [4] . Cases were characterized with classical MS if they followed a relapsing remitting course with predominant multifocal involvement of the central nervous system, including cerebrum, brainstem and/or cerebellum.
MRI parameters
Magnetic resonance images (MRI) of the brain, cervical and thoracic cord, performed with a 1.5-T unit, were collected as standard of care at the time of diagnosis with demyelinating disease (median 1 year, interquartile range Q1,0-Q3,4 years). For brain MRI the following sequences were used: sagittal T1 and FLAIR, axial T1, FLAIR, and T2, axial diffusion, axial ADC and postcontrast T1. For spinal MRI multi-sequence multi-planar imaging was obtained utilizing the following sequences: sagittal T1, sagittal T2, sagittal T2 STIR, sagittal T1 postcontrast, axial T1 postcontrast and axial T2. Images were analyzed retrospectively for the present study by a neurologist, and again independently by a neuroradiologist (A.L.) blinded to the studies' clinical data. Brain MRI was categorized using the Barkhof criteria [18] to recapitulate Asian reports which suggest that Asians with OSMS are less likely to meet this criteria [19, 20] . Spinal cord MRIs were categorized by the extent and location of T2 lesions. Long spinal cord lesions extending [3 vertebral segments were classified as LESCLs (Fig. 1) , while any lesion falling short of three vertebral segments was termed scattered spinal cord lesions (sSCLs; Fig. 2 ). Of the 206 Hispanic cases available for our review, only 168 cases had complete MRI series. Of those with missing thoracic or cervical MRIs, 12 of 22 had cervical and 13 of 18 had thoracic cord lesions.
Statistical analysis
All analyses were conducted in MS cases with complete MRI series. Inter-rater agreement between neurologist and neuroradiologist was established using Cohen's Kappa coefficient. We categorized the sample population into three sub groups: presence of LESCLs, sSCLs, and no spinal cord lesions (noSCLs). ANOVA was used to test for statistically significant differences in means of continuous variables between all three subgroups; for variables with non-parametric distributions the Kruskal-Wallis test was preferred. Binary or categorical variables were analyzed using Chi square and Fisher's exact tests, respective to the sample size included in the analysis. Logistic regression was used to calculate the odds ratios (OR) and 95 % confidence intervals (CIs) associated with EDSS C4 [16] and adjusted for age, gender and disease duration. Additional sensitivity analysis was conducted by excluding cases with disease duration \5 years. All statistical analyses were performed on SAS 9.2 and set at a priori a-level of 0.05 to declare statistical significance. 
Results
Clinical characteristics
The clinical and demographic characteristics of study participants are presented in Table 1 . Participants were predominant women and of Mexican-American background (78 %). LESCLs were present in 19 % (n = 31) of patients while only 7 % (n = 11) met the definition for an OSMS clinical course. All but one OSMS patient had LESCLs. Demyelinating events were similar across groups with the exception of transverse myelitis being a more common syndrome in cases with LESCLs (32 %, 28 %, 10 %, p = 0.06), respectively (supplemental Table 1 ).
Clinical characteristics in relation to type of spinal cord lesion Cases were further classified by the extent of spinal cord involvement: LESCLs, sSCLs and noSCLs (Table 1) .
Patients with spinal cord involvement had longer disease duration and higher disability levels, particularly among those with LESCLs. Patients with LESCLs were younger at the time of symptom onset but had a longer delay in diagnosis than those with sSCLs and noSCLs. Surprisingly, only 32 % of patients with LESCLs were classified as OSMS.
Description of spinal cord and brain
Of the 125 cases with spinal cord lesions, over 95 % (n = 119) had cervical spine lesions while 60 % (n = 75) had thoracic spine lesions. Majority of the patients had lesions in C2-C4 regions (Fig. 3 ). Lesions consistent with LESCLs were noted to preferentially involve the cervical spine (81 %), as opposed to the thoracic spine (26 %) with 6 % overlap. Average length of LESCLs was 4.7 ± 1.1 (SD) vertebral segments long. Additionally, we found most patients including those with OSMS had brain lesions (79 %, n = 130) fulfilling Barkhof criteria [21] . Inter-rater agreement was high for both Brain MRIs (k = 0.98 ± 0.02, 95 % CIs 0.95-1.02) and spinal cord MRI categorizations (k = 0.80 ± 0.20, 95 % CIs 0.41-1.19).
Spinal cord involvement and disability Longer disease duration, older age at the time of data analysis, and LESCLs were independently associated with greater disability (Tables 2, 3 ). After adjusting for age, gender and disease duration, the presence of LESCLs was associated with a sevenfold increased risk of disability (adjusted OR 7.3, 95 % CIs 2.0-26.5; p = 0.003) compared to not having spinal cord lesions. A trend toward greater disability associated with sSCLs was also observed although this did not retain statistical significance after adjusting for other factors (Table 2) .
Additional analysis restricted to those with longer disease duration (C5 years) was performed to mirror the disease duration required to satisfy the OSMS subtype definition (Table 3) . In this restricted model, the presence of LESCLs was still associated with greater disability compared to no spinal cord lesions (OR 4.2, 95 % CIs 0.93-19.2; p = 0.06). 
Discussion
In this cross-sectional study we found that spinal cord lesions in Hispanics with MS are common, including the presence of LESCLs. We found significant associations between LESCLs and greater disability despite the surprising low prevalence of clinical OSMS in patients with LESCLs. These findings imply that the presence of LESCLs may be a better way to identify poor prognostic relapsing MS subgroups than the OSMS phenotype. The prevalence of LESCLs in our Hispanic cohort (19 %) is surprisingly similar to the 14 % [5] , 26 % [14] , and 32 % [2] reported in Asians cohorts. This is in contrast to the much lower prevalence estimates of LESCLs in whites with MS (2-3 %) [7, 9, 22] . It is tempting to speculate that this may be due to a high level of Asian Fig. 3 The frequency of lesions in spinal cord per number of cases. Sections C3 and C4 of the cervical cord was more commonly affected ancestry or admixture in our cohort [23] . However, other differences like referral center bias that varies by race/ ethnicity [22] , differences in disease duration to time of MRI, and earlier studies with lower quality MRI scans [7] could also explain why we found a much higher prevalence of LESCLs than has previously been reported in whites.
Our finding that increasing involvement of the spinal cord on MRI is associated with greater disability is consistent with previous studies in whites which showed that spinal cord symptoms at onset in patients is a robust predictor of long term disability in patients with relapsingonset MS [24] . Similarly, our finding that LESCLs in particular are strongly associated with greater disability is consistent with previous studies in Asians with MS irrespective of their clinical course [2] .
In our cohort, only 7 % followed an OSMS course according to our a priori definition despite a relatively high proportion of patients with LESCLs. The prevalence of OSMS was less than we expected based on previous reports in Asians of 15-40 % [1] . We think this lower than expected prevalence of OSMS is most likely due to our stringent OSMS criteria in addition to excluding cases that would suggest neuromyelitis optica at onset of disease (such as presence of aquaporin-4 antibody and/or brain MRI nondiagnostic for MS). No consensus definitions for OSMS exist. Our a priori defined criteria included blinding to the presence of LESCLs at the time of clinical classification and required absence of relapses outside of the optic nerve and spinal cord for the first 5 years. Most studies have used imprecise definitions of OSMS and accepted other relapses despite defining relapses ''predominantly'' confined to the optic nerve and spinal cord [2, 20, 25] . The inconsistent blinding to MRI findings is an additional factor. This increases the likelihood that an assessor may be more lenient in assigning an OSMS course to a patient with LESCLs even if relapses outside of the optic nerve and spinal cord occurred and lead to a higher prevalence of OSMS than in our study. This study is limited by the cross-sectional design and the relative small sample of OSMS and those without any spinal cord involvement. While this study provides important information on the overall relationship of spinal cord lesions and disability in Hispanics, it cannot address if LESCLs predict future disability or simply occur simultaneously with disability. Strengths of this study include use of a priori defined OSMS case definition blinded to MRI findings; MRI assessments by two readers with high interrater agreement blinded to clinical status; and the relatively large number of subjects with complete clinical and MRI data.
In this study, LESCLs were more common in patients with classical MS than OSMS and are associated with worse disability. These results suggest that LESCLs may be a more sensitive marker of disability in MS than OSMS subtype and may be an early indicator of more aggressive disease. Future studies are needed to clarify whether LESCLs predict future disability and if subtyping by degree of spinal cord could have clinical implications in the treatment of MS. 
